The results of ambulatory blood pressure monitoring (ABPM) in children after kidney transplant were analyzed to ascertain any alteration in circadian BP profile, degree of hypertension, and efficacy of therapy. The data were also compared with casual BP data and left ventricular mass index (LVMI). We have examined 30 patients (17 male, 13 female), mean age 16.1 ؎ 3.6 years after kidney transplant. All patients were receiving triple immune-suppressive therapy and 20 of them were also taking antihypertensive therapy. They underwent clinical examination with measurement of BP at rest, echocardiogram mono-2D, and ABPM. The following ABPM parameters were recorded: systolic (S) and diastolic (D) BP at rest; mean 24-h SBP and DBP; mean daytime SBP and DBP; mean nighttime SBP and DBP; nocturnal fall in SBP and DBP; and mean daytime and nighttime heart rate (HR). The patients were divided in two groups. Group A consisted of 20 patients taking antihypertensive treatment; group B consisted of 10 patients not taking antihypertensive treatment. Casual and ABPM data for the two groups were compared using the Student t test for unpaired data. Blood pressure at rest and LVMI were not statistically different between the two patient groups. The ABPM data showed statistical differences between the two groups for mean 24-h SBP and DBP, daytime and nighttime SBP, nighttime DBP, fall in nocturnal DBP, and nighttime HR. Mean 24-h SBP and DBP, mean daytime SBP and DBP, and mean nighttime SBP and DBP were significantly correlated to LVMI (respectively, P ‫؍‬ .009, P ‫؍‬ .005, P ‫؍‬ .008, P ‫؍‬ .007, P ‫؍‬ .05, and P ‫؍‬ .01). Twenty-four-hour ABPM was more useful in the diagnosis and management of hypertension than was casual BP at rest. Am J Hypertens 1998;11:497-501
H ypertension is one of the most frequent complications after kidney transplant and is also associated with left ventricular hypertrophy, an important cause of morbidity and mortality in hypertensive patients. Numerous mechanisms have been postulated, such as the immune-suppressive therapy, origin of the transplanted organ (living or cadaver), and cyclosporine nephrotoxicity. [1] [2] [3] Abnormalities of the circadian variation in BP have been shown in these patients. The absence of a nocturnal fall and even an increase in mean systolic and diastolic BP during sleep as compared to daytime have been reported. 4, 5 Some authors have correlated abnormalities in nocturnal BP with a corresponding increase in left ventricular mass. 6 Similarly, left ventricular mass has been shown to decrease after correction of nocturnal hypertension. 7 Left ventricular hypertrophy is an important and common predictor of risk of death. Many authors have affirmed that ABPM and echocardiography are two important and necessary tools to detect abnormalities in BP control and early development of left ventricular hypertrophy in patients with chronic renal failure. 8 The clinical use of 24-h ambulatory BP monitoring (ABPM) in patient management has been confirmed in both adults 9 and children. 10 -12 This method permits BP to be monitored over 24 h, thus providing a more detailed profile of changes occurring during daily life activities. The data are useful for determining appropriate therapy in terms of dosage and frequency of administration. 13, 14 The clinical use of ABPM has also been demonstrated in hypertensive adults and children with altered renal function. 15, 16 The aims of our study were to analyze ABPM data in children after kidney transplant and to ascertain whether there were any alterations in circadian BP when compared to healthy children. Further, we sought to compare these data to left ventricular mass with the more commonly used casual BP, to determine whether ABPM is a more sensitive measure of antihypertensive therapy effectiveness in kidney transplant patients.
MATERIALS AND METHODS
We studied 30 patients after renal transplant (17 male, 13 female) whose mean age was 16.1 Ϯ 3.6 years (mean Ϯ SD) (range, 10 to 26 years). The mean time since transplantation was 36 Ϯ 23 months. The selection criteria for patients was creatinine clearance Ͻ40 mL/min/1.73m 2 and all patients were consuming a diet with a low sodium intake, with a vitamin D 3 supplement. They underwent periodic review from our dieticians; none had hyperparathyroidism. All patients were receiving triple immune-suppressive therapy with cyclosporine, azatiophrine, and prednisone. Twenty of them were taking antihypertensive medications. The therapy had been stable for at least 6 months.
Casual Blood Pressure All patients underwent clinical examination. Blood pressure was measured after 10 min in the seated position. SBP and DBP at rest were determined with a Tycos aneroid sphygmomanometer using the Riva-Rocci method, and measurements were the average of three to five readings. Cuff size was consistent with Task Force criteria.
17
ABPM Patients underwent 24-h BP monitoring using an Oxford-Medilog ABP recorder (Abbingdon, Ox, UK). The patients were requested to compile a diary of their activities during monitoring, to better differentiate physical from sedentary activities, as well as to carefully separate the periods of being awake from those of being asleep. Therefore the interpretation of BP readings was related to the diary data for the awake and asleep periods. Measurements were taken at 15-min intervals while awake and every 60 min during sleep. During 24 h of recording ABPM edited a mean of 65 Ϯ 6 readings, with the sleep period consisting of a mean of 7 Ϯ 1 h.
The following parameters were recorded: mean 24-h SBP and DBP; mean daytime SBP and DBP; mean nighttime SBP and DBP; nocturnal fall in SBP and DBP; and mean daytime and nighttime HR.
Echocardiogram All patients underwent echocardiogram mono-2D performed in accordance with the recommendations of the American Society of Echocardiography. 18 We calculated the left ventricular mass (LVM) according to the formula of Devereux et al 19 and then normalized it to body surface area [left ventricular mass index (LVMI)]. To determine the prevalence of left ventricular hypertrophy (LVH), genderspecific criteria were used: LVMI Ͼ 134 g/m 2 for male patients and Ͼ110 g/m 2 for female patients. 20 The casual BP data were expressed as the percentiles of the Task Force data set. 17 The values of SBP and DBP at rest in patients Ͼ18 years of age were evaluated according to the WHO reference parameters. 21, 22 The same parameters (casual and ABPM data, LVMI) were also analyzed by dividing the patients into two groups: one group (A) of 20 patients taking antihypertensive therapy (eight receiving calcium-antagonists, three ACE-inhibitors, two ␣-␤ blockers, seven on two or more of the preceding classes of drugs), and one group (B) of 10 patients not receiving antihypertensive therapy. The study was approved by the Italian National Health Institute and all parents or patients gave their written informed consent to the study.
Data Analyses
The readings that did meet all of the following criteria were discarded: SBP Ͻ 70 mm Hg; DBP Ͻ 45 mm Hg; pulse pressure (ie, systolic-diastolic pressure) Յ 20 mm Hg. Student t test for unpaired data was used to compare the BP data and the LVMI between the two groups. Statistical significance was set at P Ͻ .05.
To define casual BP data as normal (Ͻ 90th percentile), high normal (90th-95th percentile), or hypertensive (Ͼ 95th percentile), we used the reference values obtained from the Task Force criteria. 17 To define ABPM data as normal (Ͻ 90th percentile), high normal (90th-95th percentile), or hypertensive (Ͼ 95th percentile), we used data obtained for age and gender from studies by other authors. 23, 24 LVMI was correlated (linear regression analyses) to SBP and DBP at rest and to SBP and DBP at ABPM (mean 24-h, daytime, and nighttime).
RESULTS
No statistical differences were found for glomerular filtration rate, sodium excretion, type of diet, serum potassium, and Ca/P metabolism between the two groups. Using casual BP data 9/30 patients were high normal or hypertensive for SBP and 17/30 were high normal or hypertensive for DBP (6/30 high normal or hypertensive for both SBP and DBP). In group A 10/20 (50%) were high normal or hypertensive (three SBP, seven DBP, two both SBP and DBP). In group B 3/10 (33%) were high normal or hypertensive (one SBP and two DBP). No significant correlations were found between LVMI and SBP and DBP at rest.
Using the ABPM data, in group A 15/20 patients (75%) were high normal or hypertensive and in group B 4/10 (40%) patients were high normal or hypertensive (SBP, DBP, during the day or the night, or both day and night). No statistical differences were found between the two groups for the awake times, asleep times, and mean ABPM readings. During ABPM recording the level of activity was similar in the two groups and they did not practice any sports activity.
In comparing the two patients groups, there were no statistical differences in the BP data at rest. ABPM data showed statistical differences for mean 24-h SBP and DBP, daytime SBP, nighttime SBP and DBP, nocturnal fall in DBP, and nighttime HR (Table 1) . Group A had a reduced nocturnal fall for SBP and DBP; nighttime HR was higher than in group B (P ϭ .04). In group A, five patients had a rise in SBP during the night. In three patients the nocturnal fall of SBP was absent. Four patients had a rise in nighttime DBP (two of them in SBP also). In group B only one patient had a rise in nighttime SBP. The daily activities, obtained from the diary, were similar in all patients.
Linear regression analyses between LVMI and all the ABPM data were significant ( Table 2 ). Five of 30 (17%) patients had left ventricular hypertrophy (four males, one female).
DISCUSSION
The incidence of hypertension after renal transplantation is generally reported to be higher in children and adolescents than in adults. 1, 25 The origins of hypertension in this population of patients have been studied by many authors. Luke affirms that hypertension in patients taking immunosuppressive therapy with cyclosporin could be due to renal vasoconstriction and salt-dependent hypertension, nephrotoxicity (chronic nephrosclerosis), and thrombotic microangiopathy, 3 partly mediated through increased sympathetic nerve activity and inhibited renal prostaglandins and partly through stimulation of the renin-angiotensin system. 26 Gordjani et al have asserted that severe hypertension is more frequent in patients treated with cyclosporin, underlining the importance of cyclosporin in causing hypertension. 1 Ogborn et al underline the importance of cyclosporin A in the immunosuppressive therapy of pediatric patients after renal transplantation, despite its hypertensive effect. 2 Other factors that can cause hypertension in patients after renal transplantation are the acquired original disease and transplantation of cadaveric graft; in particular the incidence of hypertension was higher in patients who received graft material from cadaveric-related donors. The beneficial effects of organ tissue from living related donors could be related to fewer immunologic injuries and vascular Abbreviations, see Table 1 .
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and parenchimal sites, or to shorter ischemia time of the graft, or both. 1, 25, 27 This patient population presents a new problem in the management of BP. To date, much attention has been directed to adult patients. The increased number of patients undergoing kidney transplant in childhood now has created a different quality of life, previously unknown. It is extremely important to have reference parameters obtained from a healthy population with which to evaluate BP in patients with pathology. We used data obtained from other authors, depending on the age and gender of the subjects. 23, 24 Many authors have demonstrated that LVM is correlated to 24-h ABPM. 6, 8 In particular, Lipkin et al studied the usefulness of ABPM in normotensive renal transplant recipients and found it closely related to that of LVM. 28 Other authors have confirmed the relationship between LVM and 24-h BP, although the relationship to the day-night BP difference is not recognized as a sure predictor of left ventricular hypertrophy. 29, 30 In our study the positive correlation between LVMI and the BP data from ABPM demonstrate that a hypertensive status detected with the ABPM could mean an increase in LVM. Our study confirms the clinical use of the ABPM versus casual BP in detecting the abnormal behavior of BP. In particular, Krull et al 31 studied a large population of hypertensive patients receiving therapy after kidney transplant, and they too stressed the importance of ABPM in controlling antihypertensive therapy in this group. With the use of ABPM in our group, the management of BP was improved. We were able to identify normotensive patients at rest as hypertensive during daily activities and any necessary changes in therapy could be made on the basis of circadian BP variations. Therefore the antihypertensive therapy could be changed in terms of dosage and frequency of administration to obtain a circadian variation of BP as near as possible to the physiologic condition. We conclude that casual BP measurements could be useful for the mass screening of hypertension, but could under-or overestimate the behavior of BP in patients after kidney transplantation.
